Abstract. On the thermal comfort of a man staying outdoor during the summer affect mostly meteorological factors, physical activity and the type of clothing. The work analyzed external air parameters, such as: temperature, relative humidity and wind speed, occuring in years 1997-2016. Meteorological data recorded at the Rzeszów-Jasionka station allowed to determine, among others, the occurrence of maximum daily and hourly temperatures of outdoor, the daytime and hourly air relative humidity, the hourly wind speed, as well as the relationship between these parameters. In recent years, it has been observed the increase of the number of hot and very hot days which indicates a warming of the climate. The duration of series of days with maximum daily temperature above 30°C is also prolonged, which is not comfortable for a person staying outside. During summer, during hot and very hot days, the average relative humidity remained below 70%. The daily course of this factor was characterized by the opposite tendency with respect to temperature. The wind speed in the summer season varies from 0 to 6 m/s. On a daily basis, the increase in wind speed occurred in the afternoon hours which is consistent with the temperature characteristics. The occurrence of wind during the hottest hours causes a pleasant cooling of the organism.
Introduction
Issues related with the thermal comfort are widely discussed in the literature. There is a lot of information on the concept of thermal comfort as well as on how to maintain or evaluate it. The state of thermal comfort of a man is a state of its balanced thermal balance with the environment, with the simultaneous lack of a local discomfort. Feeling of comfort or discomfort is subjective and depends on the impact on the human body of the factors shaping the specific environment. The basic factors are: air temperature, humidity and its speed of movement [1] . The relative humidity of the air affects on the amount of the heat discharged from the body during an evaporation. The intensity of an evaporation depends on the difference of partial pressure of water vapor on the surface of the skin and the water vapor contained in the air. The hot and humid air gives the impression of suffocating and stale, causing breathing problems [2] . The speed of an air movement affects on the human's thermal sensation by disturbing the heat exchange by convection. Too high speed of an air flow creates a feeling of discomfort, cooling down the body. Except of thermal elements of the microclimate, the personal thermal sensations are influenced by personal factors such as the type of clothing and physical activity. Clothing acts as an insulator in the process of heat exchange with the environment and it is responsible for the transport of the water vapor. Each type of clothing has its own thermal insulation properties which depend on the material it is made of, as well as the quantity of immovable air in it. The physical activity of a human influences on the metabolic heat production. Increasing the activity, makes the body produces more heat, which reduces the temperature of the air, which originally was considered as comfortable [1, 2, 3] . The analysis of individual meteorological factors, such as: air temperature, relative humidity and wind speed, allows referring to the norm [6] , which for each of these parameters determines the comfort range for humans. Due to the lack of standards developed so far, which would determine the comfort of a person staying outside, reference was made to the standard [6] for interior rooms.
The range of thermal comfort
Optimal human values of air parameters ensure well-being, which give better effects of work and rest. For the assessment of the air condition, thermal comfort indicators have been introduced [1, 2, 4] . These are the criteria that allow to determine in what extent the level of the thermal comfort in a particular place has been reached. There is a large amount of data in the literature regarding comfort conditions for humans, developed on the basis of research. Professor Fanger [2] decided that the most favorable temperature for the summer period in rooms is 22-24°C, while the relative humidity of the air should be in the range of 30 ÷ 70%. According to Gliński [5] , the optimal range of air parameters in the room is the temperature within 18-24°C and relative humidity below 70%. For the summer season, the most comfortable for a man in Polish standards [6] is the temperature in the range 23-26°C. It was considered that at this temperature, a well-being for a person in rest or doing light work is ensured, with relative humidity in the range of 40-60%.
No standards have been developed so far for outdoor thermal comfort. The external environment does not always create conditions conductive to effective work or leisure, which is why people spend most of their time indoors. This is mainly due to the fact that improving thermal conditions by heating or cooling the open space is complicated and much more difficult than in the case of enclosed spaces.
By the term "external zone of human presence" should be understood the space outside the building, unlimited around the partitions. It can be a place of work or rest in the open air. People willingly spend their free time using various types of tourist attractions, visiting museums, which are sometimes located outside the building. Many restaurants and cafes have an outdoor area reserved for guests, however the period of use is severely limited by weather conditions. Participating in sporting events, stage performances or just relaxing in the park becomes difficult during summer heat.
Thermal conditions prevailing in external zones significantly affect their utilization level [7] . In areas where the air temperature in the summer exceeds 27-30°C, and the relative humidity maintains at a high level, exceeding 70%, it should be speaking not only about the thermal comfort inside rooms, but also in external zones. Although the recommendations of standards [6] in the field of thermal comfort have been set for indoor spaces, they can be successfully applied for external areas. The method of field tests was considered the most suitable for determining the thermal sensations of a man in open spaces [8] . Spagnolo and de Dear [9] conducted field tests in several locations: at railway stations, bus stops, ferry piers and parks. Based on these studies, they decided that the range of comfortable conditions for the external environment far exceeds the recommended value for indoor spaces. Other scientists: Nakano and Tanabe [10] examined the requirements for thermal comfort in partially external spaces. Their research has shown that users of semioutdoor environments have shown almost three times more tolerance in the temperature range than those which were determined to be comfortable for rooms.
Feeling of the thermal comfort in the open space is conditioned mainly by meteorological factors, which include: ambient temperature and relative humidity of the air, wind speed and solar radiation [4, 11] . These factors, changing their intensity in the time and the space, affect the human organism, affecting not only on the well-being, but also the on the state of health. Currently, there are a large number of indicators that determine the thermal sensation of a man under specific weather conditions. One of the most commonly used is the effective temperature (TE), which describes the interaction of the real air temperature, relative humidity and speed of the air movement, on the thermal sensation of a man staying in the shade [4, 11] . On the basis of the effective temperature and subjective thermal sensations of researched people, a scale of thermal sensations was created [12] , which assigns effective temperature ranges to different thermal sensations. According to this indicator, an effective temperature between 21 and 26.9°C is considered comfortable for people dressed in light summer clothing and doing light work. At an effective temperature of 27°C, people felt hot [12] .
To develop conditions for external man-made zones guaranteeing his comfort, a detailed analysis of the factors shaping the external climate should be made. In the further part of the work, atmospheric factors such as air temperature, relative humidity and speed of wind occurring in the summer season, i.e. in the period from May to September, were analyzed using data obtained from the Rzeszów area.
Analysis of meteorological data 3.1 Description of the database
For the analysis, data of external air parameters were used in the years 1951-2016 for the Rzeszów -Jasionka meteorological station, received from the Institute of Meteorology and Water Management in Warsaw [13] . The collected data, which include: air temperature, relative humidity and wind speed, allowed to obtain significant observations. They relate, inter alia, to the occurrence of maximum daily and hourly outside air temperatures, daily and hourly relative humidity, hourly wind speeds, as well as the relationship between these parameters. The data on external air parameters from the period of twenty years between 1997 and 2016 were analyzed in detail.
Temperature data
In the article were analyzed meteorological data, which affect on the comfort of a person staying in the outdoor zone during the summer heat. Undoubtedly, the maximum daily ambient temperature is a great importance here. Data on the maximum daily air temperature from the period of twenty years 1997-2016 were analyzed. From this time five years were selected during which the air temperature exceeded 34°C and focused on them the most. In climatology [4, 14] there is a temperature criterion that distinguishes particularly warm days. A hot day is a day with a maximum daily temperature equal to or above 25°C, and a heat day is considered a day with a temperature equal to or higher than 30°C. Based on meteorological data [13] with the maximum daily temperature from 1951-2016, there were chosen months in which heat days occurred. For the Rzeszów -Jasionka meteorological station, these were the months from May to September, which for the needs of this article were defined as the summer season. Figure 2 shows the characteristics of occurrence of days with a defined maximum daily temperature, ranked in ascending order, as a function of the number 134 of the hottest days (with temperature above 20°C), as the average of 20 years from 1977-2016. The temperature course for individual days (Figures 4 is characterized by a similar trend. The biggest differences in particular years occur at temperatures higher than 25°C.
Meteorological research clearly states the global warming in Europa in recent years. This is evidenced by the increase in the seasonal value of the ambient temperature both in the winter season and in the summer period [15, 16] . A significant impact on climatic conditions has an increase in the occurrence of extreme events, which include, among others, heat waves. In meteorology [14] , this term means a series of days, at least 3, with a temperature exceeding 30°C. The number of hot and very hot days that occurred in the last 20 years in Rzeszów, listed chronologically showed The presented data in Figure 4 indicate an increase in the incidence of both the number of hot and very hot days. Analyzing the occurrence of days with temperatures exceeding 30°C in 1997-2016, it can be concluded that they most often appeared as single days. Heat waves are particularly unfavorable from the point of view of thermal comfort, which primarily are exposed children and the elderly. With the increase in the incidence of hot days, there is a sharp increase in mortality. The influence of hot weather on the human organism has been described in detail in article [17] . This phenomenon usually appeared up to three times in one season and the length rarely exceeded three days. It is worth noting that in recent years, the sequences of hot days have significantly extended. In 2007 and 2010 there were eight of them, in 2012 -nine, while in 2015, the heat wave lasted 13 days.
Relative humidity
Having the data of average daily relative humidity, their monthly averages were calculated. In order to describe the variability of this meteorological factor during the year, Figure 5 shows the distribution of monthly average relative humidity from the period of 20 years (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) and average monthly values of relative humidity for the five warmest seasons. Analyzing the values of relative air humidity throughout the whole year, it can be seen that its lowest values occur from April to September, that is in the months belonging to the first half of the summer. The same type of humidity variability occurs both over a period of 20 years and during the five selected warmest years. The average relative humidity in the summer season is about 75%. Air humidity is characterized by high variability in both monthly and daily periods.
Wind speeds
An important element shaping the external environment is the wind. Based on meteorological data [13], the hourly wind speeds that occurred at the Rzeszów-Jasionka meteorological station in the year 2015were analyzed, with particular attention being paid to the summer period. The frequency of occurrence of the speed was calculated, as shown in Figure 6 . The most frequent wind speed recorded during the period is in the range from 0 to 6 m/s. Higher wind speeds (7-12 m/s) appeared much less frequently. There were also single days when the wind speed was 19 m/s. Considering only the period from May to September, it was noticed that the wind speed was lower. The most often recorded in this season wind with speeds of 0-4 m/s. It should be noted that for relatively long time, windless conditions prevailed for 14% of the time. Less than 9% of the studied period was the state with a wind speed of 5 m/s, while a higher 6-9 m/s lasted less than 4% of the time. There were also isolated cases of wind speeds up to 12 m /s. In relation to the thermal comfort of a person staying outside, it is important the change of the wind speed within 24 hours as shown in Figure 7 .
Evaluation of thermal comfort in the outdoor zone during a hot day
From the point of view of outdoor thermal comfort, the relationship between relative humidity, the temperature of the outside air and the wind speed is important.
Analyzing these parameters in the annual cycle as well as in the diurnal period, the inverse dependence between the relative humidity and the air temperature is strongly visible. In days with high temperatures lower values of relative humidity are recorded. During hot and very hot days, the average relative humidity is around 60%. Its value does not generally exceed 70%, which means that the relative humidity during the days with the temperature above 25°C falls within the range of standards for thermal comfort [6] . The average daily humidity of days with the temperature below 25°C was 73.5%.
It is also interesting to analyze the hourly distribution of air temperatures and relative humidity. The warmest day in 2015 (01/09/2015) was selected when the temperature exceeded 35°C (Figure 7) . The horizontal dashed lines in appropriate colors indicate permissible values of individual parameters in terms of thermal comfort in the external zone ( Figure 7) . The line of instantaneous air temperature, measured every hour, reaches the highest values around noon hours. The exact opposite relationship can be observed for relative humidity. Its value is highest at night, while during the day, especially at noon, it drops significantly. This trend is characterized by all warm days in the climate of Poland. During the analyzed day, the air temperature already at 8:00 o'clock exceeded 30°C, to reach 34.8°C at 2:00 pm. Almost all day, from 7:00 to 19:00, the temperature did not drop below 26°C, thus exceeding the upper limit of thermal comfort adopted by Polish standards [6] . The relative humidity difference at these hours was 29%, while within 24 hours it changed by as much as 70%. Lowering the relative humidity during a simultaneous increase in the ambient temperature is advantageous from the point of view of thermal comfort.
The wind speed is also important here. The norm [6] assumes that the speed of air movement in the zone of human presence in the room can not exceed 0.3 m/s. In outdoor areas, it is necessary to talk about higher air velocities caused by wind. During very hot days, especially in the afternoon (when there are the highest daily air temperatures), the wind reaches the highest speeds, which positively affects the human's thermal sensation, resulting in a pleasant cooling of the body. When analyzing the influence of wind on thermal comfort in the external zone, one should pay special attention to the occurrence of wind with a speed not exceeding 1 m/s and over 8 m/s [4] . Wind with a speed in the range of 0-1 m/s is perceived as silence. Windless conditions favor the stagnation of air and the impurities contained in it, making it difficult to transfer heat from the human body to the environment. However, winds, whose speed exceeds 8 m/s, are strong winds, the occurrence of which leads to the cooling down of the human body [4] . When analyzing the influence of wind on outdoor thermal comfort, the height of the position zone should be taken into account. The International Biometeorology Association recommends a standard height of 1. 
Summary
The collected meteorological data confirm the high variability of selected parameters shaping the weather condition in Poland in both the annual and seasonal cycles. The warmest period is from May to September, when temperatures exceed 30°C. In recent years, an increase in the number of very hot days has been observed, which indicates a significant change in climate parameters with a tendency to its warming. The duration of hot weather sequences is also longer, which is not comfortable from the point of view of a person staying outside, and may even lead to harmful effects on him. It should be noted that in the summer there is a lot of sunlight, which increases discomfort during hot and very hotdays. The characteristics of the data on the intensity of solar radiation would allow on a broader analysis of the impact of atmospheric factors on a person staying outside during very hot days. This issue will be the subject of further articles.
